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Abstract 
Chemistry is a science that goes back and forth between phenomenology and abstraction, the macroscopic 
and the microscopic, which means that understanding the macroscopic involves understanding the microscopic first. Thus, the 
science of chemical material requires an interest in quantum concepts that should be understood first of all to imagine what 
happens in the small infinite including the interaction between atoms and molecules. However, this imagination, blocked by 
epistemological obstacles, may be limited and even muddled. This is because we do not have an optical visibility on these 
quantum phenomena but simply a mapping that logical, analytical and philosophical reasoning show us. In this context, the 
conceptualization of these invisible phenomena can occur only if the connections between the macroscopic, the microscopic 
and the symbolic are well established. Then another liaison is to be considered between the microscopic and the symbolic 
which represents schematically the concepts of the small infinite that sometimes go beyond the context of logic in the mind of a 
student and even of an advanced chemist. In this article, the idea is to highlight the difficulties in understanding quantum 
concepts and to ensure the true concepts of infinitely small phenomena, discussed in the disciplines of chemical matter by 
quantum concepts, while exposing the results of a case study through a qualitative survey performed on target students.  
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1.  Introduction 
We were all surprised during first year at university, when the atomistic teacher, theoretical or quantum 
chemistry has taught us that even a stone had a wave aspect as much as the electron. We were also surprised when 
we learned that in reality the electron could not be located by the equation of the trajectory, which transformed from 
simple to complex, our understanding of the chemical bond. We have always had difficulty to understand why the 
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speed of light is impassable or why the photon has no mass. The descriptions of the chemistry courses in general 
show us how the teaching of these concepts in bachelor curricula is essential to the understanding of the phenomena 
studied.  Indeed, quantum mechanics is the basis of any evidence of scientific training in chemistry, but the 
difficulty the authors note leads us to investigate the students' interest in chemistry with these notions that seem 
complex and divergent. 
2. Problem statement  
A chemistry course including quantum concepts leads to the next question which is also located in the heart of 
our problem: Is the understanding of theoretical about quantum physics in chemistry correct? The answer to this 
question required a survey of students to identify their level of understanding. Thus, treatments of this issue allow us 
to teach students how to make connections between the macroscopic, microscopic and symbolic to complement the 
pedagogy that cannot always be explained. 
3. Purpose of study 
The goal of this study is to highlight the difficulties of understanding the concepts of the infinitely small 
according to dimensions, movements and structures. Then identify the issues that are the cause of these difficulties 
and then propose a template study to evaluate more extensively other educational systems. 
4. Methods: Analysis of curriculum and survey 
The authors began by studying the curriculum of sciences of chemical matter in Moroccan universities, whose 
content is similar to most of the European and American universities. The findings were reported in the form of a 
non-exhaustive table (table 2) and contain the subjects taught, the infinitely small or quantum concepts and levels of 
education. Then the interest has been focused on the level of understanding of these concepts by a statistical survey 
subject to third-year students (bachelors) in the same sector. The survey consists of five questions, distributed to 
students in sciences of chemical matter and sciences engineering in three Moroccan faculties. Two of them are 
following the LMD (Licence Master Doctorat) system and the third following an Anglophone educational system. 
This survey provides answers to multiple choices where a correct answer can contain many combined answers. So 
they are either: complete, partial, wrong or contradictory. The population P3 in School of Science and Engineering 
does not follow a study in classical chemistry but in general engineering following a Anglophone system where 
sciences of matter is massively present. Otherwise the survey questions relate to basic concepts in quantum physics 
that are supposed mastered for this population as well as students of the LMD system. Thus we study three 
populations of students and two education systems. 
4.1. Sample 
          Table 1. Samples of populations 
Population Faculty University Sector Educational system 
P1 (31 students) 
 
FSDM 
(Dhar El Mehraz Faculty of 
Science in Fez) 
USMBA 
(Sidi Mohammed 
Ben Abdellah 
University in Fez) 
SMC 
(Sciences of 
Chemical Matter) 
LMD 
(Bachelor Master Ph. D) 
P2 (35 students) FSB 
(Ben M’Sik Faculty of 
Science in Casablanca)  
UH II 
(Hassan II University 
in casablanca) 
SMC LMD 
P3 (45 students) SSE 
(School of Science and 
Engeneering) 
AUI 
(Akhawayn 
University in Ifrane) 
GE 
(General 
Engineering) 
Anglophone 
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4.2. Survey 
Table 2. Questions of survey 
Question 1: In an atom, an electron transition from an energy level to another is: 
a  -  An energy absorption by the electron 
b - An energy emission from the electron 
c - Both a & b 
d - I don’t know 
Question 2: A quantum box is : 
a - A space where the probability of finding the electron is around 95% 
b - A position of the electron in the space defined by the coordinates x, y, z 
c - A geometric shape in the space that contains the highest energy 
 - I do not know / I have not studied these concepts 
Question 3: In the case below, for an electron moves from one energy level n = 1 to n = 2 it must take │10.2 │  eV. What would happen if 
the electron absorbs │10│ eV only? 
a - The electron will not pass to n = 2  
b - The electron will pass to n = 2, but will not last long at this level 
c - The electron will pass to n = 2 
d - The electron will pass but will remain between n = 1 and n = 2 
e - I don’t know 
 -  No answer 
Question 4: Is it possible to know the trajectory of an electron moving around the nucleus? 
a – Yes 
b – No  
Question 5: Among the parameters below, select those that determine the state of an electron 
a - The magnetic moment 
b - The spin quantum number 
c - The kinetic energy 
d - The magnetic quantum number 
e - The azimuthal quantum number (secondary) 
f - The principal quantum number 
g - The trajectory 
h - I do not know / I have not studied these concepts 
  -  No answer. 
 
5. Results  
5.1. Analysis of programs for students in chemistry 
To answer the question of the problem, we studied first programs of the university science of chemical matter to 
extract concepts of the infinitely small, especially incorporating the concepts of quantum physics, hidden in the 
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courses of chemistry, then define what level conflicts these basic concepts, specifically in what way.  
The table 2 below (non exhaustive) sets out the main subjects involving quantum concepts commonly taught in 
courses of sciences of chemical matter, also presenting their interest in chemistry and level of education: 
     Table 3. Programs for students in chemistry 
Subjects Quantum concepts  Interest in chemistry Level  
 
 
Atomistic 
Atomic orbitals Energy levels and structures of valence First year 
Quantum numbers State of the electron and geometry First year 
Electron distribution Electronic configuration First year 
 
 
Theory of the 
chemical bond 
Molecular orbitals Molecular structure. First year 
Orbital overlap Type of chemical bond First year 
Overlap integrals Predicting Paramagnetism in Molecules First year 
 
 
 
 
 
 
 
 
Quantum mechanics 
Schrödinger equation and wave 
functions 
Shapes of orbitals First and 
second year  
Heisenberg Uncertainty Principle 
and the probability of presence 
Electron localization First year 
Huckel & Coulson approximation Type of orbital overlap Third year 
Calculated binding energies and affinity Third year 
Frontier orbital theory Mechanism of chemical reactivity and 
energy conditions 
Third year 
Group Theory Symmetry and conformation of molecules Third year 
Hartree-Fock Approximation Configuring molecules Third year 
 
 
 
Quantum 
thermodynamics 
Degrees of freedom Movements of molecules First year 
Gas kinetics Third year 
Statistical thermodynamics Distribution law of the matter Third year 
States of the particles Second and 
Third year 
Thermodynamic functions Pressure, entropy, chemical potential First year 
 
 
 
Spectroscopy 
Spectral terms of the quantum state State identification, fundamental and 
excited atoms and molecules 
Second year  
Dynamics of particles, atoms and molecules Second year 
Signals Fourier transform Identification of molecules, their energies 
and frequencies 
Third year 
 
After analysis of Table 2 we find that these programs have subjects in physical chemistry that does not match 
with the contents of classical chemistry, which may create a gap or a radical repulsion between them for the student 
apprehending. Based on the physical and mathematical aspects of these concepts, we therefore wonder about the 
interest of students studying sciences of chemical matter in this context that seems different from their main domain, 
and therefore check with a survey if the basic concepts are well understood. 
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5.2. Graphic data of the survey results 
 
Fig. 1. Graph of question 1: Understanding the concept of electronic transition 
 
 
Fig. 2. Graph of question 2: Understanding the concept of an orbital  
 
 
Fig. 3. Graph of question 3: Understanding the concept of quantification 
 
 
Fig. 4. Graph of question 4: Understanding the concept of trajectory of the electron 
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Fig. 5. Graph of question 5: Dimension of atomic orbitals 
 
6. Interpretation of results 
In analyzing the survey results, we find that the notions of the infinitely small are interpreted by ambiguous or 
incomplete concepts. Indeed, the electronic transitions responsible for the radiation phenomenon are not properly 
defined, as for orbital which is the key concept in the theory of chemical bonding. Moreover, the concept of 
electronic transition seems better assimilated in teaching under the LMD system compared to the Anglophone 
system. This is due to accented programs on this subject in the universities following the first system. On average, 
more than half of the students surveyed say that the trajectory of the electron in a quantum dynamics can be 
determined. This finding argues that these students have not mastered the prerequisite to retain and make sense of 
the theory of chemical bonding outside the understanding of geometric combinations of orbital overlaps, which are 
fairly easy. Regarding the quantum motion, the concept of trajectory of infinitely small movements is massively 
present in both systems. These movements are often confused and interpreted by the classical Newtonian laws. Also, 
the dimensions of atomic orbitals represented by the quantum numbers are almost unknown. This survey allows 
affirming that the concepts of the infinitely small, specifically quantum concepts witch are generally incomplete or 
incorrect in both education systems. Thus, the problem of conceptualization could be a problem of interest and 
motivation before becoming a problem of understanding. That is to say that the chemistry students do not seem to be 
motivated enough to look into disciplines that seem far from their main sector. Therefore, the most important 
difficulty is how the students will bring link between the macroscopic, microscopic and symbolic. That is to say, 
between the visible, the invisible and schematic interpretation. Thus the dual aspect of the problem leads us to 
reflect on two axes which can give us clues to educational solutions. The first is the interest (motivation), and the 
second is the understanding (interpretation).    
7. Conclusion  
It is never easy for a student to admit to learn a discipline that does not tend to its sector and especially when this 
subject is complex. However, studying what is not our specialty may be useful (Fourez,1994) in the teaching of 
chemistry as "to get to enter the world of increasingly complex [...] people need to understand the environment in 
which they operate. To achieve this, it is important to remove traditional barriers that have long existed between 
pure and applied sciences" (Barma and Guilbert, according Fourez, 1994 MEQ, 2004). Neglect of quantum concepts 
has a serious impact on their conceptualization for students. Before studying the macroscopic phenomena, we must 
first consider those infinitesimal bodies, especially their origins and understand their different behaviors responsible 
for the chemical bonding and energy phenomena through a symbolic interpretation. But the matter, from the 
infinitely small implies in understanding the involvement of other disciplines: physics, mathematics and even 
philosophy to reveal and interpret the behavior of these micro bodies. Then, the problem is of a different order, it is 
to transmit this knowledge to students so that they see what is not visible and understand what is not real. "[...] We 
can even hope that people will be able to appreciate the scientific discoveries in the same way that a work of art" 
(Barma and Guilbert, according Fourez, 1994 MEQ, 2004). 
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